To develop tables that report the life expectancy associated with levels of major modifiable risk factors for patients with type 2 diabetes.
Introduction
The increased risk of cardiovascular disease among people with type 2 diabetes is well understood and is increasingly recognized as one of the major hazards of type 2 diabetes. Cardiovascular disease is responsible for 70% of all mortality among patients with type 2 diabetes 1 and is also a major contributor to diabetesrelated healthcare costs. 2 Adherence to therapies intended to control risk factors such as lipids or blood pressure for patients with type 2 diabetes has been shown to both reduce major cardiovascular complications and increase survival. 3, 4 One potential way to improve patients' metabolic control is to help them understand the risks of the disease and the potential benefits of available therapy options. 5 Research has shown that information on the potential benefits of improving modifiable risk factors may assist both doctors and patients in making treatment decisions 6 and may increase patients' willingness to accept management strategies recommended by their doctor. 7, 8 In fact, risk communication in its variety of formats (e.g. decision aids, leaflets, verbal advice, tables) increases patients' knowledge, comprehension, and understanding. 9 Information on potential benefits from better management of diabetes can be provided in many different ways. For example, typically results from trials are reported in terms of relative risk or absolute risk of events, or the numbers needed to treat to avoid events. Available cardiovascular information tools and guidelines usually report absolute risk of events, that is, the probability of an event occurring in a defined population over a specified period of time. However, these tools have limited use in a diabetic population as they either do not include diabetes as a risk factor (e.g. European-based Systematic Coronary Risk Evaluation (SCORE) risk charts 10 ) or they are based on cohort studies that contain fewer diabetic subjects than most robust epidemiological studies require (e.g. Framingham risk charts). In fact, the Framingham risk charts, based on only 337 people with diabetes and currently used in the United States, Australia, and New Zealand, 11 have been shown to underestimate the coronary heart disease (CHD) risk for people with diabetes. 12 -14 Furthermore, the Framingham study does not include risk factors such as HbA 1c which are relevant to assessing outcomes of the diabetic population. Another metric for representing the potential benefits from better management of diabetes is life expectancy, which has been suggested as a valuable comparative measure of benefits from medical care and public health interventions. 15 In this study, we estimate life-expectancy stratified by common risk factors obtained from a simulation model designed specifically for patients with type 2 diabetes. We demonstrate that remaining life expectancy can be displayed for a wide range of different patient characteristics using relatively simple tables. We also show how such tables can be used to calculate the potential benefits of modifying diabetes-related risk factors.
Methods United Kingdom Prospective Diabetes Study outcomes model
The United Kingdom Prospective Diabetes Study (UKPDS) Outcomes Model is a computer simulation model for forecasting the likely first occurrence of major diabetes-related complications and death in patients with diagnosed type 2 diabetes; a full description of the model has been published elsewhere. 16 The UKPDS model is as a probabilistic discrete-time model with annual cycles based on a system of parametric proportional hazards risk equations that have been estimated from 3642 patients participating in the UKPDS. 16 A summary of the characteristics of the UKPDS patients based on previously published information 17, 18 is shown in Table 1 .
To undertake simulations the estimated set of equations are used to predict the absolute risk of first occurrence of different complications and death given the patient's characteristics (such as age, ethnicity, sex and duration of diabetes) and time-varying risk factors (such as systolic blood pressure (SBP), HbA 1c , lipid levels, smoking status, and history of previous complications). The model includes both macro-vascular (fatal and non-fatal myocardial infarction, ischaemic heart disease, renal failure, congestive heart failure, and fatal and non-fatal stroke) and micro-vascular complications, such as blindness, in order to estimate the total impact of the disease on morbidity and mortality. Simulated patients start with a given health status and can experience one or more non-fatal complications or die during any of the annual cycles as the simulation progresses. Holding everything else constant, the higher the values of risk factors such as systolic blood pressure the higher the absolute risk of a complication. The risk of many types of events also increases with the duration of diagnosed diabetes. If a non-fatal event occurs the simulated patient carries forward to the next cycle that history together with the updated risk factor values. The simulation continues until death or the end of the simulation period. The model can quantify outcomes in terms of risk, life expectancy, or quality-adjusted life expectancy. Estimates of the relative risk, holding everything else constant, for different macro-vascular complications and death associated with various risk factors are summarized in Table 2 .
The UKPDS Outcomes Model's forecasts have been shown to closely match the observed occurrence of all-cause mortality during the UKPDS follow-up period, 16 as well as diabetes-related complications in observational studies and the impact of interventions assessed through randomized controlled trials. 19, 20 For example, the UKPDS model predicted the 4-year total event rate of acute coronary events reported in the CARDS trial. 19 Also, the UKPDS model estimated a relative risk of 0.87 at 3 years with respect to a composite of all-cause mortality, non-fatal myocardial infarction, and stroke, well within the 95% CI (0.72-0.98) seen in the PROactive study.
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Outcome tables for major risk factors for diabetes
For illustrative purposes, the Outcomes Model was used to predict the life expectancy of patients with type 2 diabetes, 5 years after diagnosis, stratified into the following risk groups: age (55, 65, and 75 years old), sex (male, female), systolic blood pressure (120, 140, 160, and 180 mmHg), HbA 1c (6, 8 , and 10%), ratio of total:HDL cholesterol (4 -8), and smoking status (never smoked, current smoker). The chosen age groups, smoking status, and the range of values for SBP and ratio of total:HDL cholesterol were similar to those reported in previous cardiovascular risk prediction charts. 10, 21 The HBA 1c values were selected to capture a large proportion of people with type 2 diabetes. 22 The number of years since diagnosis was similar to the average duration reported in recent large-scale type 2 diabetes studies. 22 -24 To demonstrate the variation in life expectancy due to duration of diabetes, we also report the life expectancy of 65-year-old male and female patients at 1, 3, and 7 years after diagnosis (see Supplementary material online). The modifiable risk factors were assumed to remain constant over time as is common practice in published 5 and 10 year absolute risk tables. 10, 13, 21 For each of the risk groups, the model simulated the future life course of a hypothetical person with type 2 diabetes, diagnosed 5 years previously, without prior history of diabetes-related complications, and with a body mass index (BMI) of 30 kg/m 2 (men) or 33 kg/m 2 (women). Although the reduction of obesity is a major therapeutic aim in type 2 diabetes, other modifiable risk factors such as HBA 1c , SBP, and cholesterol have a more significant impact on diabetes-related complications than BMI ( Table 2) . As a result, we used levels of BMI that are representative of the average levels for non-insulin treated patients with type 2 diabetes in the community. 25 As the model is probabilistic, it was run 10 000 times to obtain stable point-estimates; the model can also calculate confidence intervals around these estimates (see Supplementary material online). As the tables are primarily for clinical use no discount rate has been applied to the estimated life expectancy. Life-expectancy tables for people with type 2 diabetes
Results
The life-expectancy estimates for men and women are reported in Figure 1 , which demonstrates that there is a substantial gradient in survival across risk factors. For example, the estimated age-specific life expectancy of men with type 2 diabetes varies between 13. These tables can also be used to calculate the potential gains from altering one or more modifiable risk factors through primary and secondary prevention, by estimating the years lost relative to the lowest risk type within each age-sex group. For example, for a 65-year-old male smoker (SBP 180 mmHg, HBA 1c 8%, total:HDL cholesterol 7), holding all else constant, a reduction of HBA 1c from 8 to 6% leads to a gain of 0.9 life years (LYs), a reduction of total:HDL cholesterol from 7 to 4 gains 1.5 LYs, a reduction of SBP from 180 to 120 mmHg results in a gain of 2.2 LYs, and stopping smoking will result in a gain 1.6 LYs. The impact of interventions affecting several risk factors can also be estimated. For example, a reduction of both HBA 1c from 8 to 6% and total:HDL cholesterol from 7 to 4 due to a hypothetical intervention, increases life expectancy by 2.3 LYs. Finally, if all the combined risk factors are successfully reduced, life expectancy will increase by 5.8 LYs.
Discussion
Research has shown that diabetic patients have a shorter life expectancy than non-diabetic individuals and that this excess mortality is largely attributable to cardiovascular causes. 26 -28 Our results show that there is substantial variation in life expectancy among people with diabetes depending on their levels of commonly measured risk factors, such as HbA 1c as well as duration of diabetes across the different age groups. The results presented here for life-expectancy are in a format similar to the cardiovascular risk tables that are widely available, where various combinations of columns and rows allow a specific absolute risk to be read from the table. 10, 13, 21 Such tables can provide important information on a patient's prognosis as well as the potential health gains that could be achieved if common risk factors were to be reduced. In effect, our results confirm that there is substantial scope for increasing a patient's longevity by improving modifiable risk factors. It would be possible to generate and present additional tables for other ranges and gradations of the risk factors as well as different duration of diabetes. An alternative approach would be to design a computer-based tool enabling the production of user-defined tables. These could be tailored to the patient's current risk factors and inform on a range of potential lifeexpectancy gains achievable by improving metabolic control. Practice guidelines based on absolute risks provide clear quantitative information to clinicians and patients but they do not convey the length of life lost due to premature death. There is strong evidence that the way information is provided has important implications in terms of the patient's willingness to accept a treatment recommendation. For example, spending extra time with a patient explaining chronic conditions such as diabetes and available treatments led to improved self-management and a significant increase on the patients' confidence and expectation to follow the chosen treatments. 6 Estimated from the UKPDS outcomes model using a patient aged 55 years with the average risk factor levels of the UKPDS population. Life-expectancy tables for people with type 2 diabetes about their health risks. 5, 9, 29 Overall, more research is needed on which formats to use (e.g. decision aids, tables, video) and on ways to communicate risk to patients, which are easy to comprehend. Here, we have developed information on life expectancy as a way of supplementing the existing information on risks in diabetes. This may be helpful as there is evidence that information about the postponement of adverse health outcomes (e.g. heart attack, hip fracture) can be used to convey information about treatment effectiveness to lay people. 30, 31 In addition, helping patients understand their projected life expectancy may help them make better decisions about their future. This is particularly relevant as O'Brien et al. 32 reported that the general population underestimated their projected life expectancy by over 5 years and that high-risk people (e.g. smokers) appeared to understate their own risk. We would envisage that the main users of the life-expectancy tables will be clinicians, patients, and other healthcare policy decision makers. The colour-coded tables provide a ready means of communicating prognostic information and may improve patient understanding of their prognosis and how it could be altered. However, it is important to recognize that such tables require interpretation and clinicians and patients may not be familiar with quantifying outcomes in terms of life expectancy. It would be useful to investigate the utility of information on life expectancy in a clinical setting, for example, in helping improve adherence to therapies by showing patients their potential long-term benefits.
Further research on the benefit of life expectancy and other available cardiovascular risk tables as a decision tool is required, as well as on different ways of presenting information, such as the appropriate number and range of risk factor categories as well as the representation of uncertainty around the point estimates.
The life expectancy estimates were based on results from the UKPDS Outcome Model, a computer simulation model that was specifically designed for estimating outcomes for people with type 2 diabetes. The forecasts of this model have been shown to closely predict events in other diabetic populations such as patients participating in the Collaborative Atorvastatin Diabetes Study 19 and in the PROactive study. 20 Conversely, previous published risk charts, based on Framingham risk equations, appear to underestimate CHD risk for people with diabetes. 12 -14 Computer simulation models are increasingly used as a tool for evaluating therapies in diabetes, as they provide a way of translating changes in risk factors into long-term outcomes. 19 It is important to recognize that the predicted outcomes from these models are based on risks that were estimated from studies that have longterm follow-up data on diabetic populations such as patients participating in the UKPDS study recruited between 1977 and 1982. However, some limitations should be noted concerning the UKPDS study. Patients with recent major cardiovascular events were excluded from the study 17 resulting in a sample that differs at least in the first follow-up years from newly diagnosed patients. Nevertheless, the differences in outcomes between UKPDS and the general diabetic populations arising from the selection restriction are likely to be small as the model was based on up to 20 years of follow-up information on both risk factors and events. More importantly, outcomes may differ in other diabetic populations due to factors such as changes over time in healthcare practice and different competing risks between populations. For example, new treatments, such as statins, became common practice, as did other curative treatments, such as coronary surgery, which are credited with improvements in survival following diabetes-related events. It would therefore be useful to examine the degree to which the rates of mortality predicted by the model apply in other diabetic populations as this would assist in assessing whether the existing tables could be applied, or whether some form of modification (e.g. calibration of mortality risk) is required. Nevertheless, our estimates of the reduction in life expectancy are similar to those observed in long-term follow-up studies in other populations with diabetes. For example, in the UKPDS Outcomes Model, diabetic men aged 55 years were predicted to live 3.6 -11.5 years less than the general population. British and US studies reported this gap to range on average between 5 and 9. 27, 28, 33, 34 In conclusion, the life expectancy tables presented here provide a ready means of conveying potentially useful prognostic information to people with type 2 diabetes. The variation in life expectancy suggests substantial scope for increasing longevity by improving modifiable risk factors.
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